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RF power modules

1 GeV LINAC

Beam user areas

FEL user area @3nm

Undulators

Plasma module

0.5 PW Laser

Secondary
Sources

http://www.lnf.infn.it/sis/preprint/pdf/getfile.php?filename=INFN-18-03-LNF.pdf



Laser & THz clean rooms

experimental halls
Photon user experimental hall 

Accelerator tunnel

Undulators tunnel

Klystron&modulators
Power supplies gallery

Plant gallery

Opportunities for Collaborations at EuPRAXIA@SPARC_LAB
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SPARC_LAB HB photo- injector

55 m
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X-band Linac 

55 m



1. e.m. design: linear tapering of the irises,
race track coupler to cancel the
quadrupole field components (PhD M.
Diomede);

2. 0.9 m long structures with 3.5 mm average
iris radius

3. 60 MV/m average accelerating field

Courtesy M. Diomede

X BAND STRUCTURES: PARAMETERS
Parameter Value
Frequency [GHz] 11.9942
Average acc. gradient [MV/m] 60
Structures per module 4
Iris radius a (linear tapering) [mm] <a>=3.5 3.8-3.2
Tapering angle [deg] 0.04
Structure length Ls [m] 0.9
No. of cells 109
Shunt impedance R [MΩ/m] 94-107
Peak input power per structure [MW] 65
Input power averaged over the pulse [MW] 45
Average dissipated power [kW] 1
Filling time [ns] 126
Effective shunt Imp. Rs [MW/m] 350
Peak Modified Poynting Vector [W/µm2] 3.5
Unloaded SLED/BOC Q-factor Q0 150000
External SLED/BOC Q-factor QE 21000
Required Kly power per module [MW] 37/19 
RF pulse [µs] 1.5
Klystron power (available) [MW] 50/25
Rep. Rate [Hz] 100

Profile of the
accelerating
field along the
structure

G=average accelerating gradient
L=structure length
Pkly=klystron power (pre-sled pulse)kly
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Plasma WakeField Acceleration

55 m

Capillary discharge at SPARC_LAB



March 2022 - First discharge in EuPRAXIA @ SPARC_LAB 
plasma acceleration module turned on

Image captured during the formation of plasma in the capillary 40 cm long and 2 mm in
diameter, installed inside a vacuum chamber specially created to accommodate large plasma
sources. The applied voltage pulse is 9 kV and the peak current reaches about 500 A.

Courtesy Angelo Biagioni



Undulators

40 m

KYMA Δ udulator at SPARC_LAB:  λ=1.4 cm, K=1 





In the Energy region between Oxygen and
Carbon K-edge 2.34 nm – 4.4 nm (530 eV -280
eV) water is almost transparent to radiation
while nitrogen and carbon are absorbing (and
scattering)

Coherent Imaging of biological samples
protein clusters, VIRUSES and cells 

living in their native state 
Possibility to study dynamics
~10 11 photons/pulse needed

Expected SASE FEL performances





SPARC_LAB is the test and training facility at LNF for
Advanced Accelerator Developments (since 2005)



PWFA vacuum chamber at SPARC_LAB 
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First Beam Driven SASE-FEL Lasing at SPARC_LAB
(May 2021)

R. Pompili et al., Nature, May 26, 2022
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First Beam Driven SEEDED - FEL Lasing at SPARC_LAB
(June 2021)



Betatron Radiation Source

EuAPS First Day Meeting, 27/06/2022 21
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Perm. mag. 
dipole BPM

Monochrom..
Ion. chamber

Focusing chamber

Exp. chamber

High res.
cameras

YAG Screen

1 m

HP laser out
HP laser in

Plasma chamber

Electron beam Energy [MeV] 100-500

Plasma Density [cm-3] 1017 - 1019

Photon Critical Energy [keV] 1 - 10

Nuber of Photons/pulse 106 – 108



Conclusions

• A new era is just started at INFN-LNF with a
strong focus on Advanced Radiation Sources
development in the framework of EuPRAXIA.

• Consistent investement on R&D for Lasers,
Plasma and High Gradient RF Structures has been
already established.

• Stronger connection with the Universities et al.
will be necessary to provide the required young
scientists support for the next decade scientific
challanges



Thanks for your 
attention


